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Studies on the Processing of Red Cherries. II. Some Effects of Bruis-
ing on the Yield and Quality of Canned Montmorency Cherries®
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The bruising of fresh cherries prior to the soaking
period increased both the ratio of drained weight to
put-in weight and the tenderometer reading of the
canned product. Under the experimental conditions
employed, however, bruising had almost no effect on
final yield, color, and soluble-solids content. Cherries
processed immediately after being picked were com-
paratively soft and gave a low yield. Storing the
cherries either in air or in water for 15 hours at
65° F. increased both their firmness and yield.

Although the procedure of soaking red tart cherries
in cold water prior to processing has been in general
use for more than 30 years, published information on the
effects of this treatment on the subsequent behavior of
cherries during processing is relatively scarce. It is
commonly believed that soaked cherries may be pitted
with less waste and that the pitted fruit “bleeds” less
than does fruit not soaked (5). Reynolds and Reynolds
(6) expressed the opinion that cherries soaked in cold
water retain all their natural juices, become firm, and
hold their shape well in canning.

Griswold (1) found, however, that soaking cherries in
cold water caused deterioration in the color of the
canned product. The deterioration was proportional to
period of soaking. Similar results were obtained by
Marshall and co-workers (4) who observed also that
soaking caused a loss of soluble solids and concluded
that soaking was not essential for preventing excessive
pitting losses.

Some of the changes that cherries undergo when
soaked in cold water have been described previously
(3, 4, 5, 10). Whittenberger and Hills (10) observed
that the changes were dependent in part on the degree
of bruising. Bruised cherries did not gain significantly
in weight and lost appreciable quantities of soluble
solids into the soaking medium. By contrast, unbruised
cherries gained steadily in weight and lost only small
amounts of soluble solids. Since most lots of commer-
cially handled cherries are rather severely bruised by
the time they arrive at the processing plant, the results
of this study on bruising should be of interest to cherry
processors.

The present paper, an extension of the previous
study (10), discusses the effects of bruising and of
various cooling and soaking treatments on the pitting
losses, yield, and quality of canned cherries.

* Report of a study made under the Research and Marketing
Act of 1946. Presented at the Twelfth Annual Meeting of the
IFT, Grand Rapids, Michigan, June 9, 1952.

®*One of the laboratories of the Bureau of Agricultural and
Industrial Chemistry, Agricultural Research Administration,
United States Department of Agriculture.

MATERIALS AND METHODS

Montmorency cherries were obtained from the Michigan
State College orchard at East Lansing and hauled to the fruit-
processing laboratory of the Department of Horticulture. The
fruit was obtained from 20-year-old trees which had been
sprayed with a proprietary copper fungicide, Tennessee 26. The
cherries were picked without stems and handled carefully to
avoid crushing or bruising. The fruit was picked in the morning
and immediately transported to the laboratory, where it was
sorted to remove all defective and bruised cherries. Bruised
fruit was detected by gently rolling each cherry with one’s
fingers and noting the lack of turgidity.

In all experiments, the cherries were sorted for maturity on
the basis of color. At the harvest stage, most of the cherries
were a bright red, but a large number had an orange-red color;
some had a dark-mahogany shade. Fruit corresponding to these
three color groups was arbitrarily called ripe, under-ripe, and
over-ripe, respectively.

Some lots of cherries were bruised by a standard procedure.
Each cherry was dropped twice from a height of 3 feet onto a
16-gauge stainless steel pan. Care was taken to avoid dropping
the cherries onto other cherries, because this produced less
bruising and made for non-uniformity of samples. This extent
of bruising seemed equivalent to that observed in many lots of
commercially harvested fruit. The bruised cherries were held
in trays for 2 hours before soaking or cooling. This allowed
some of the juice to exude onto the surface, as it commonly
does in commercially handled fruit.

Approximately 2-kg. lots of cherries were weighed into cylin-
drical wire mesh baskets, 6 inches deep and 10 inches in diameter,
and soaked in 6 liters of distilled water in a 12-inch diameter
glass cylinder held in a room at 50° F. (10° C.). By starting
with water at 42° F. (5.5° C.) the cherries were cooled from
about 75 to 50° F. (23.9 to 10° C.) within a few minutes. The
cherries were weighed at intervals during soaking. Weighings
were made after removing the baskets from the water and allow-
ing the fruit to drain for 5 minutes. The initial weighing was
always made after soaking for 10 minutes. This 10-minute soak,
or rinse, removed the surface juices and gave the correct net
weight for the wet fruit, which could be used as the starting
point for determining gain or loss on soaking. Soluble-solids
determinations were made on aliquots of the soaking solution
by evaporating to dryness.

The cherries were pitted in the same pilot-scale Dunkley
pitter used by Marshall et al. (4). Loss in weight due to removal
of pits and loss of juice was recorded for each lot. The pitted
cherries were canned in No. 2 cherry enamel cans. The “put-in”
weight was 444 g. of fruit per can. The cans were exhausted to
a center temperature of 165-170° F. (74-76.7° C.), sealed,
processed in boiling water for 12 minutes, cooled and stored at
50° F. (10° C.).

After 4 months’ storage, the cans were opened, and the cher-
ries were examined for color, soluble solids, texture, and drained
weight. The cans were removed from storage one day prior to
examination and allowed to warm to room temperature. The
color of the supernatant juice, filtered through No. 1 Whatman
paper and diluted 1:5 with distilled water, was evaluated with
a Coleman spectrophotometer, Model 14, set at 440 mu. Pre-
liminary tests indicated that the red pigment was distributed
uniformly between the canned cherries and the surrounding
liquid.



The soluble-solids content of juice from representative sam-
ples of cherries was determined by an Abbé refractometer, and
the values were corrected to 68°F. (20° C.) (2). Drained
weight was determined by the standard procedure (7) used by
the U. S. Department of Agriculture, Production and Marketing
Administration. Texture was measured on a 100-g. sample of
drained fruit, using scale one on the tenderometer.

RESULTS

Effects of bruising. Table 1 shows in detail the various
sources of gain or loss during soaking, pitting, and canning.
The data are averages of 11 experiments with cherries treated
under similar conditions. In all calculations, the percentages are
based on the weight of raw, untreated fruit.

TABLE 1

Effect of bruising on the behavior of ctherries
during processing ¢

Unhmisecr Bruisedm

Factor Observed

% : %
Weight of raw, dry cherries... 100.0 100.0
Weight after rinse at 50° F.... 102.8 ' 102.0
Weight after soaking. 107.0 103.0
Gain during soaking.. 4.2 1.0
Pitting loss, total.... 17.9 16.3
Pit loss....... 7.3 7.6
Juice loss... 10.6 8.7
Weight of pitted cherries ... 89.1 86.7
Drained weight/put-in weight 82.5 84.7
Yield of canned cherries (drained-weight hasis)..... 73.5 73.4
Loss of soluble solids in rinse water 0.44 1.2¢
Loss of soluble solids during soking ... 2.84 4.74
Total loss of soluble solids prior to pitting ... 324 5».9‘l

¢ The d=ta are sverages of 11 experiments with cherries bruised before
being soazked for 22 hours at 50° F.
4 Percentage of the total soluble solids in the original cherries.

When rinsed in cold water, unbruised cherries picked up 2.8%
of surface water, whereas the bruised cherries gained 2.0%. This
difference represents juice which had exuded from the bruised
fruit. Since these. cherries were already partly wetted, they
gained only an additional 2.0% of surface liquid. Analysis of a
portion of the rinse water from the bruised cherries showed that
1.2% of the total soluble solids was on the surface. After soak-
ing in water at 50° F. (10° C.) for 22 hours, the unbruised and
bruised cherries gained in weight an additional 4.2 and 1.0%,
respectively.

The pitting losses are divided into two categories: loss of
pits and loss of juice. In addition to the juice lost during pitting,
an amount equal to about 5% of the weight of the fruit drains
out of the tissue within a few minutes after pitting. No further
drainage occurs except under certain conditions of bruising, in
which case the pitted cherries may “bleed” for several hours.
Juice losses from these various sources are combined in the
present text and are discussed under only one heading.

The difference in weight between the unbruised and bruised
cherries was greatest at the end of the soaking period. This
difference tended to diminish during pitting and canning. The
pitting losses were greater for the unbruised fruit (17.9%) than
for the bruised fruit (16.3%). Although slightly more flesh
adhered to the pits of the bruised cherries, the unbruised cherries
lost a significantly greater quantity of juice, which, of course,
contained soluble solids. Nevertheless, the quantity of freshly
pitted fruit favored the unbruised cherries by the margin of
89.1 to 86.7%.

The weight of the unbruised cherries was affected more by
heat processing (canning) than was that of the bruised fruit.
To illustrate, the ratio of drained weight to put-in weight of
the unbruised cherries was 0.825, whereas that of the bruised
cherries was 0.847. The over-all yields, however, from the un-
bruised and bruised cherries were nearly identical. The yields,
on a drained weight basis, were obtained by multiplying the
weights of freshly pitted fruit by the ratios of drained weight
to put-in weight. The ratios alone did not show accurately the
final yields (based on the weights of the original fresh, whole
cherries).

Soaking caused changes in the soluble-solids content of the
cherries by 2 separate processes. In the first place, soluble solids
were leached from the cherries into the soaking medium. The
unbruised and bruised cherries lost 3.2 and 5.9%, respectively,
of their total soluble solids by this process. These losses, of
course, decreased the concentration of soluble solids in the cher-
ries. In the second place, the concentration of soluble solids in
the tissues decreased because of dilution with water. For in-
stance, the soluble solids in the unbruised fruit was diluted by
about 4.2% and that of the bruised fruit by about 1.0% by the
uptake of water during 22 hours of soaking. On a concentration
basis, therefore, the soluble-solids contents of the unbruised and
bruised cherries were not much different. The bruised cherries
showed the greater decrease due to leaching, but the unbruised
cherries decreased more by dilution. From a practical standpoint,
this means that the unbruised cherries retained nearly all their
original soluble solids, whereas the bruised fruit lost appreciable
quantities of soluble solids by diffusion; this loss was not
recoverable.

Table 2 gives data on the quality of unbruised and bruised
cherries after canning. In the lower half of the table, the data
are recalculated to the basis of equal drained weights. In com-
mercial practice, the put-in weight usually is adjusted to give the
drained weight (13.5 oz. for No. 2 cans) recommended for U. S.
Grade A. To attain this drained weight, 16.36 ounces of freshly
pitted unbruised cherries would be required, whereas only 15.94
ounces of the bruised cherries would be needed. The increase
in tenderometer reading (from 21.5 to 25.2) caused by bruising
probably represents an improvement in quality, since many
canned cherries are too soft. The color of the processed product,
as indicated by the percent transmittance of the juice, was not
significantly changed by bruising the raw cherries. A slight
over-all loss of soluble solids was associated with bruising.

Effects of maturity and bruising. The effect of maturity on
the behavior of unbruised and bruised cherries was studied.
following the separation of one lot of cherries into three matur-
ity groups. The cherries were picked from the same tree within
a period of 2 hours, and the separation was made on the basis
of color. Each of the 3 groups was divided into 2 samples, one
of which was purposely bruised and the other left unbruised.
These 6 samples were soaked in water at 50° F. (10° C.) for
23 hours before being pitted and canned.

TABLE 2
Effect of bruising on the quality of canned cherries *

Factor Observed Unbruised | Bruised
Put-in weight, ozs. 15.63 15.63
Drained weight, ozs. 12.89 13.24
Ratio of drained weight to put-in weight. .. .825 .847
Tenderometer reading, lbs. per sq. in... 21.5 25.2
Color, transmittance at 440 mu, % 404 39.5
Soluble solids, % 11.2 10.9

Data above corrected to 13.5 ozs. drained weight

Calculated put-in weight required, ozs. 16.36 15.94
Color, transmittance at 440 mu, % 38.8 38.8
Soluble solids, % 11.7 11.1

¢ The data are averages of 11 experiments with cherries hruised hefore
being soaked for 22 hours at 50° F. Cans were stored for 4 months at
50° F.

The soluble-solids contents of the fresh unbruised cherries
were 12.1, 14.5, and 15.3% for the immature, ripe, and over-
ripe groups, respectively (Table 3). During soaking, the
over-ripe cherries gained the most weight (4.4%), and the cor-
responding immature cherries gained the least (3.7%). In the
processed cherries, however, differences in drained weight as-
sociated with maturity were small and probably insignificant.
The ratios of drained weight to put-in weight were 0.824, 0.820,
and 0.813, respectively, for the immature, ripe, and over-ripe
fruit. The corresponding over-all yields were 74.7, 71.8, and
72.4%. There was no apparent relationship between the yield
of processed cherries and the soluble-solids content of the 3
groups. The color of the processed product in terms of trans-
mittance of the diluted supernatant juice, ranged from 58% for
the immature to 31% for ‘the over-ripe fruit.



TABLE 3

Effect of maturity and bruising on drained weight
and yield of canned cherries

TABLE 4

Effects of soaking, temperature, storage in air, and bruising
on the yield and quality of canned cherries

Raw cherries Canned cherries
Cherries and | Gain in | Soluble Color Ratio of
. treatmentf wt. solids | Soluble | (oo | drained | yiy
during | before solids mittance) wt. to
soaking | soaking put-in wt.
% % Te | % %
Tmmature {
unbruised...... 3.7 . 121 9.7 58.0 i+ .824 74.7
bruised.......... 0.8 ' 121 9.8 | 535 . .858 72.8
Ripe i . i
unbruised...... 3.9 14.5 11.2 40.0 .820 71.8
bruiseds......| 1.7 14.5 11.0 39.5 .847 74.5
Over-ripe
unbruised...... 4.4 15.3 11.7 31.0 .813 72.4
bruised.......... 0.5 15.3 11.8 27.5 .838 71.8

t All cherries were picked from the same tree within 2 hours and were
soaked for 23 hours at 50° F. The three maturity groups were obtained by
sorting the cherries on the basis of color.

# This sample was bruised by dropping the cherries once from a height
of 3 feet. The other bruised samples were dropped twice from 3 feet.

Cherries of the 3 maturity groups responded to bruising in
approximately the same manner. Bruising lessened the gain in
weight during the soaking period, increased the ratio of drained
weight to put-in weight, and slightly intensified the red color.
The effects of bruising on yield, however, were inconclusive.
The bruising treatment given the ripe cherries was less severe
than that given the other samples. Data shown in Table 3 are
from a single experiment.

Effects of cooling, soaking, and storing the cherries.
During our studies, it was observed that the firmness of freshly
picked cherries gradually increased, even though the cherries
were given no experimental treatment. If cherries were com-
pressed in a pressure tester (8) immediately after being picked,
an apyreciable quantity of juice exuded from them. If the cher-
ries were held in air for 3 or 4 hours, however, the same pres-
surc caused no exudation of juice. This observation suggested
the following experiment, in which some cherries were pitted
and processed within 2 hours after being picked, and others
stored in air or in water for 15 hours before being processed.

The pitting loss (18.3% at about 75° F.) from freshly picked
fruit was relatively high (Table 4). Storing the cherries in air
at 65°F. (18.3° C.) for 15 hours reduced their pitting loss to
15.3%. On the other hand, soaking the cherries in water at
65° F. for 15 hours increased their pitting loss to 19.2%. Cher-
ries bruised before soaking, and others that were bruised after
soaking, had lower pitting losses than similar unbruised soaked
cherries.

The pitting loss from soaked cherries cannot logically be
compared with the loss from the original cherries, because the
2 samples differed in age. By comparing the behavior of soaked
cherries with the behavior of similar cherries stored in air, the
effect of age is at least partly cancelled out, and the increase in
pitting loss attributable to soaking becomes apparent. The effect
of temperature alone on pitting loss is not indicated reliably by
the data of this experiment, since it is not possible to distinguish
between the effects of temperature and aging. Some of the
changes in cherries associated with aging have been described
previously (9, 10).

Storing the raw cherries in air or in water for 15 hours at
65° F. (18.3° C.) increased both the yield of the canned product
and the tenderometer reading. Increases were greater with the
soaked cherries than with the cherries stored in air. The soaked
cherries, however, decreased in soluble-solids content, whereas
there was no change in the soluble-solids content of the fruit
stored in air. None of the cherries changed appreciably in color
during the 15-hour treatment.

A number of observations may be made concerning cherries
which were of the same post-harvest age but which were stored
at different temperatures. Cherries stored in air or in water at
35°F. (1.7° C.) gave lower average yields, ratios of drained
weight to put-in weight, and tenderometer readings than did
similar cherries stored at 65° F. For instance, the average
yields of all cherries stored at 35, 50, and 65° F. were 72.3, 73.7,
and 74.7%, respectively, and the corresponding average ten-

sees Ratio of
Pitting Tender- Col drained
h ender olor raine
;E:ftthzl:?iteg f, l(l:;sw Ss?)ll‘i’g;e ometer (trans- | wt.to | Yield
cherries) reading |mittance) pl‘;tt-m
None. Processed Yo Y Ibs./in.? %% Ge
2 hrs. after
harvest.
About 75° F...... 18.3 11.5 23.1 41.0 .881 72.1
Stored in air
35° F.... 15.0 1 26.8 40.0 .847 71.6
50° F. 13.9 11 25.5 40.0 .858 73.6
65° F.... 15.3 25.7 40.0 .877 73.6
Soaked in water ’
35° F... 18.5 11.2 23.0 40.0 .847 73.2
50° F. 17.8 11.2 23.5 40.0 842 74.2
65° F.... 19.2 11.2 27.3 40.5 .856 75.2
Bruised and
soaked
35°F... 17.8 11.0 25.0 40.0 .865 73.1
50° F. 16.2 11.0 31.1 39.5 .854 73.2
65° F.... 17.1 11.2 29.9 40.5 .878 74.7
Soaked and
bruised
35°F 17.8 11.2 28.7 40.5 .833 71.4
50° F. 17.7 11.1 24.0 40.5 .842 73.6
65° F.... 16.9 11.0 26.9 41.0 .852 75.1

h The duration of treatments was 15 hours.
! The cherries were not pitted at a constant temperature.

derometer readings were 25.9, 26.0, and 27.5. Cherries stored
(in air or in water) at 35° F. were relatively stable, and their
behavior during processing approximated that of the original
fruit. The greatest changes occurred in the samples stored at
65° F. Bruising the cherries, either before or after soaking,
made almost no difference in the yield of processed fruit, al-
though bruising did increase the tenderometer reading. Bruising
produced no cull cherries in any of the experiments reported in
this paper.

DISCUSSION

Although the present study shows that bruising fresh
cherries definitely affected their behavior during
processing, bruising was studied only under a relatively
narrow set of conditions. By contrast, bruising in com-
mercial practice occurs under a wide range of condi-
tions. Cherries may be bruised as they are picked, as
they are dumped into lug boxes, as they are loaded and
hauled to the processing plant, and as they are soaked,
sorted, and conveyed throughout the plant. They may
be held for irregular intervals at varying temperatures
between the periods of bruising. It would not be proper,
therefore, to interpret the effects of bruising in all or
even in the majority of commercial cherries in terms of
the present results. It is probable that bruising in com-
mercial practice has several different effects, depending
largely on the total post-harvest history of the various
samples. Conditions have been described (9), for in-
stance, under which bruising may result in either an
increase or decrease in the yield of final product. Similar
differences in the effects of bruising on color, color
defects, texture, soluble-solids content and flavor may
occur also.

Effects of temperature and storage on the behavior
of cherries during processing also were studied under
only a relatively few experimental conditions. It might
be expected, for instance, that greater differences among
the samples of Table 4 would have been obtained if the
experiment had been permitted to run for 30 hours in-
stead of 15. In commercial practice, occasional lots of
cherries are held for 48 hours or more between the times



of harvesting and processing. Obviously, further studies
on the effects of bruising, cooling, and storing cherries

are desirable.
SUMMARY

Although unbruised cherries gained weight when
soaked in cool water and bruised cherries showed little
if any gain, the final yields of canned fruit from the un-
bruised and bruised samples were similar. The gain of
the unbruised cherries was lost during pitting and
canning.

Bruising the raw cherries increased both the ratio
of drained weight to put-in weight and the tenderometer
reading of the processed fruit. The ratio was not a valid
criterion of yield, as based on the weight of the original
whole, fresh cherries. Under the experimental condi-
tions employed, bruising had only a slight effect, if any,
on the color and soluble-solids content of the final
product.

Cherries ranging in color from orange to mahogany
red and in soluble-solids content from 12.1 to 15.3%
were picked from a single tree on the same day. There
was no relationship between maturity (as based on
color) and drained weight, and all cherries responded
to bruising in approximately the same manner.

Cherries processed immediately after being picked
gave both a low tenderometer reading (cherries were
soft) and a low yield of canned fruit. Storing the fresh
cherries in air or in water at 65° F. (18.3° C.) for 15
hours increased the tenderometer reading and the yield.
Fruit stored at 35°F. (1.7°C.) for 15 hours gave
tenderometer readings and yields not much different
from those of the original fruit. Although fruit stored
in air had the lower pitting loss, fruit soaked in water
gave the higher yield of final product.

In conclusion it may be stated that although bruising
affected the behavior of cherries during various process-
ing steps, it had no effect on final yield and only a slight
effect on quality.
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